This study was conducted to compare the effects of dietary clinoptilolite on nutrient digestibility and relative organ weights in rats. In this study, 24 adult male Sprague-Dawley rats were divided into 4 groups with 3 replicates, according to a randomized split plots design. In addition to a control group (0% clinoptilolit), 3 levels of clinoptilolite (2%, 4%, and 6%) were used in the diets, and the rats were fed (individually in cages) these diets for 56 days. Statistically significant differences were found among the groups for the digestibility rates of nutrients (P<0.05), except for crude fibre (CF) and acid detergent fibre (ADF). The addition of clinoptilolite in rats' feeds reduced the digestibility of crude fibre, crude ash (CA), neutral detergent fibre (NDF) and acid detergent fibre (ADF), but increased the digestibility of other nutrients. Slaughter live, organs (liver, kidney, heart, and stomach) and relative organ weights were not affected significantly by the clinoptilolite contents (P>0.05). In conclusion, clinoptilolites can be used in animal feed as natural toxin binders when stored under suitable conditions.
Introduction
Zeolites are used for various applications, for example; as natural toxin binders in industry, agriculture, veterinary medicine and environmental protection. Clinoptilolite is usually one of the alumino silicate minerals on the volcanic rocks (Baran & Kutay 1999; Martin-Kleiner et al 2001) . Natural zeolite, especially clinoptilolite and analysim, are the most rich types in some regions of Turkey (Baran & Kutay 1999) .
Different types and doses of zeolites have been studied previously in different animal diets, such as in broiler diets, with sodium bentonite (Eraslan et al 2005) ; in quail diets with HSCAS (Şehu et al 2005) ; in dairy cows adding zeolite (Dschaak et al 2010) in broiler and piglet diets adding clinoptilolite (Tang et al 2015) in rat diets adding HSCAS (Afriyie-Gyawu et al 2005) , clinoptilolite (Martin-Kleiner et al 2001; Demirel et al 2011) and Tunus montmorillonit clay (TMC) (Abbès et al 2007) . The clinoptilolite 24 (2018) [297] [298] [299] [300] [301] [302] 298 protected the animals from the toxic effects of the mycotoxins (Abdel-Wahhab et al 1999) .
The digestibility rates of nutrients have been studied by different researchers in various animal species, such as in a project that investigated the digestibility rates of sorghum grains in broiler diets when they were exchanged for dry matter (DM), CA, crude protein (CP) and nitrogen-free extract matter (NFE) (Adama et al 2007) . The digestibility rates of wheat and sorghum grains in beef cattle diets were determined for DM, organic matter (OM), CP, EE, CF, NFE, ADF, NDF and CA (Baran et al 2008) . In another study, DM and OM digestibility were similar (Baran et al 2017) .
In rat diets, the digestibility rates of DM, CP, EE, and CA values were found to be 86.20, 81.66, 94.95, and 56.89%, respectively (Ahlstrom & Skrede 1998) . In comparing rat diets based on rapeseed+barley and wheat bran+oats with respect to the apparent digestibility of DM and CF and the true digestibility of CP, feed intake did not affect the digestibility of the major feed components (Larsen et al 1991) . However, there is limited literature related to the effects of clinoptilolite on the digestibility rates of nutrients. It has been demonstrated that improved nitrogen, OM and ADF digestibility was achieved when 5% levels of clinoptilolite were given to a high-solubility protein diet (Sweeney et al 1980) . It has been stated that the apparent digestibility rates of clinoptilolite in growing piglet diets for DM, OM, CP, CF, EE, NDF and ADF ranged from 83.5-87. 0%, 88.1-89.2%, 88.1-88.2%, 58.6-65.9%, 83.8-85.6%, 67.8-70 .9% and 59.0-59.8%, respectively (Fokas et al 2004) . Dietary clinoptilolite did not significantly affect the investigated parameters, except for an increase in EE.
This research was performed to define the effects of various contents of dietary clinoptilolite on the digestibility rates of some nutrients (DM, CP, EE, CA, CF, OM, NFE, ADF and NDF) and relative organ weights in rats.
Material and Methods

Zeolitic material
Zeolite purchased from Manisa, Turkey. The chemical content of clinoptilolite was as follows:
MnO, LOI (loss on ignition at 1000 °C), SiO 2 / Al 3 O 2 as 65-72, 2.5-3.7, 0.8-1.9, 10-12, 2.3-3.5, 0.9-1.2, 0.3-0.65, 0-0.1, 0-0.08, 9-12, and 5.4-6.0%, respectively (Anonymous 2012).
Feed and feeding
Experimental diets were prepared at the Veterinary Faculty. Pelleted feed was produced for rats. All of the diets were arranged to be iso-caloric and iso-nitrogenic (National Research Council 1995) . The chemical compositions of the diets are given in Table 1 . 
Animals and treatments
24 male Sprague-Dawley rats (8 weeks old and mean initial weight of 307±19 g) were used in the trial. Feed and water ad libitum were given. The rats were divided into 4 equal groups according to clinoptilolite rates of the diets.
Determination of crude nutrients
DM, CP, CA and EE analyses of the diets and faeces samples were conducted according to the AOAC (2000) and the crude fibre content was measured according to Crampton & Maynard (1938) . ADF and NDF analyses were performed according to Van Soest (1987) . The ME values of the diets were calculated by using the energy content of the feedstuff.
Digestibility analysis
Faeces samples were collected cleanly and dried daily to determine the in vivo digestibility rates of nutrients. Until sufficient amounts of faeces samples were obtained for analysis, during a 28-day sample collection period, this process was repeated. After that, all of the collected materials were ground and prepared for chemical analyses.
In this trial, an indicator method was used to determine the digestibility rates of nutrients because of the difficulty of collecting all the rat faeces.
The insoluble ash content in HCl was used as the indicator. The digestibility rates of the nutrients were calculated by the following equation stated by Sarı & Çerçi (1993) .
Where; DR, digestibility rate; ILIF, indicator level in feed; ILIM, indicator level in manure; NIM, nutrients in manure; NIF, nutrients in feed.
Relative organ weights
Determined by using slaughter and organ weights (g 100 g -1 BW).
Statistical analyses
The researh was arranged according to a randomized plot design with 4 groups and 3 replicates. Variance Analysis Method was used for statistical analysis of data. Duncan's Test (Duncan 1995) was used to determine differences amongst groups. For statistical calculations, SPSS 10.0 software was used (SPSS 1999).
Results and Discussion
The average digestibility rates of nutrients (DM, CP, EE, CA, CF, OM, NFE, ADF and NDF) are presented in Table 2 . Statistically significant differences were found among the investigated groups for the digestibility rates of nutrients (P<0.05), except for the DM, CF and ADF levels (P>0.05). The adding of dietary clinoptilolite significantly increased the digestibility rates of CP, EE, OM and NFE but decreased those of CA and NDF. The highest average digestibility values of nutrients were The average slaughter live, relative organ (liver, kidney, heart and stomach) weights and their analysis of variance results are given in Table 3 . Differences among the groups were not found significant for the slaughter live and relative organ weights (P>0.05).
The highest values were obtained for the slaughter live, liver, kidney and heart weights and their relative weights in the control group and for the stomach and its relative weight in group II. However, the lowest values were obtained for the slaughter, liver, kidney and stomach weights and their relative weights in group III and for the heart and its relative weight in group IV.
Our results for the nutrient digestibility rates in rat diets for DM, CP and CA values were found to be lower than the results of Ahlstrom & Skrede (1998). In addition, Baran et al (2008), found higher digestibility rate ranges for wheat and sorghum grain-based beef cattle diets than those of ours for DM, CF and CA at 69.48-70.50%, 59.70-60.30% and 59.70-60.10%; however, they found lower values for OM, CP, EE, NFE, ADF, and NDF at 68. 90-69.30%, 69.80-70.20%, 70.90-71.40%, 73.90-74.40%, 43.20-43.70% and 46.00-46 .40%, respectively.
The total DM digestibility values in this study similar level were observed by Husted et al (1968) .
Our digestibility rates for DM were greater than those reported by Sweeney et al (1980) and Johnson et al (1988) . The higher DM digestibility values for diets containing zeolite might be due to the higher digestibility of other nutrients such as CP and a lower rate of passage. In the present work, the CP digestibility values are greater for the zeolite diets (Sweeney et al 1980) . Our ADF digestibility results are similar with the findings of Johnson et al (1988) . In general, the digestibility rates in this study are found lower than those of related literature findings. The reasons for these differences are due to the use of different animal species and zeolite types and doses.
Our relative organ weight results are similar to the findings of some studies that investigated the use of clinoptilolite in rat diets (Eleroğlu & Yalçın 2012; Eser et al 2012; Tang et al 2015) .
The dietary clinoptilolite up to 6% did not have any adverse effects on the clinical health status of rats. Increasing the level of zeolite in animal feed increased the nutrient digestibility in diets such as DM, OM, CP, EE and NFE, except for those of CA and NDF, which decreased. However, the digestibility of CF and ADF, and the relative organ weights were not affected by clinoptilolite levels. Additionally, increasing levels of nutrient digestibility, lead to economical animal production.
Conclusions
Clinoptilolites can be used at the level of 2-6% in animal feed as cheap toxin binders when stored under suitable conditions, especially in poor countries. Clinoptilolite can be preferred to protect farm animals and their products from carcinogenic side effects. Various levels of clinoptilolite may be used for different animal kind to determine the safety margins and therapeutic effects, in further experiments. 
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